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IMTRODUCTj_QN 

In response to a request from, Mrs, Jack Radford,, 
the Water Quantity Management Branch conducted an investiga- 
tion to ctetermine the cause and extent of petroleum 
contamination of the ground water Bupplylng wells in the 
Community of Baliantrae* 

THe study included fieid examination of water 
wells and excavations,, the codlectlon O'f ground water and 
sediment samples for chemical analyeie, a levelling survey, 
and interviews with local residents. 

The 'branch also provided Shell Canada represent- 
atives witn information concerning steps to be taken to 
remove the gasoline contaminant from the aquifer and prevent 
further well contamination in the community, 
BACKGROUND 

On October 16, 197 2, Mrs,, Jack Radford telephoned 
Mr. R. McArthur O'f this branch to report that a water 
sample taken from the Radford well by Mr. Paynes of the 
Regional Municipality of York Health Unit contained 5 ppm 
(parts per million) of petroleum product. Mrs. Radford 
indicated that water from the well, which serves the 
Radford Shell Service and Snack Bar as well as the Radford 
residence, had developed gasoline odours as early as the 
second week in September, 1972. 

Mr, Radford reported that old tankage at 
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iaflfO'r'i's .Shell SmEvica lafl been aBaBdonei faat Mot ,reifiove<i 
from the fround* One of tliese abandoned tanks,,, a SOOi-fallQn 
gasQ'liae taak|, had repoxtadly bmen usei as rece&tly as. If 10. 

Slnee the buried storage facilities at ladfQcd''s 
Shell Serv.io© represeiited the clO'Sest possiblje source for' 
the hydrocarbons fo'und in the. weil., t.lj.e M.iiii.Bt.rf .O'f Consunier 
and Ooniit.e.r'C'.ia i Relationa was requestec! to d..eterm:lne the 
s.O'undne S-.S O'f these facilitie.s„ 

Ob, Onctober .20,,. It 7 2;,, m'. ,A.. Macl^er' 0:f the Pttisl 
Safetf S'ecti.o.n o^f the llinis.trf 'Of Consumier and. CO'inii.ie.rcial 
Relations, ,Mr. W,. Grattan ot ,.Sh.ell C:a.ii:ada Limited and Mr. 'R, 
McArth.ii.r ©f tblfi BrH,n:Ch met at Radford '.s She.l.l Service to 
determ.ine the soi'urce of the petrole^uni hydroca.rbo:ii .in this 
„Eaafori welip 

Mr.. MaC:Iver' lo-caten a. lea.k in a p'Oor'.ly tightened 
u,:nion. at the ju.:iict.lo:n of tae fiaaoline suc:tio.n line and the 
iciis,pen.5e:r plu:raibirif» The p-oint OKf lea'k.a.ge was .a,'b<out §0 .feet 
ero.ni. the cointaffll:na.t.ei well. It was lea.rned' that t.h.is dis- 
pense.r waiS .a .recent .replace'iient and that it.h:e faulty u.n.ion 
had been ins tailed .on Septemher Sp 1972:, only aisoiut one. week 
before' the oociirrence of gaso'liiie od.,oaKs lA the RadfOTd well., 

The original po;B.it.iO'n of the gasoline d.ispe.n,ser 'at 
.Radfort"'s S,tiell ..fi.er'¥iGe >.. local re«i,dencefl aiid. their w.ater 
.supply wel..l..Si, AnA vario'ias ex::caira't-i.O(ns a.r'e represented in 
.Figure.' 1* 

On October 23^ 1972^, the abandoned gasoline. stor= 
af# taeilities which consisted of two 500'-galion tanks and 
•.o.:n.e lO'..O'0-gallO'n tank were removed from ex"cavatioii woi. 1. 
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The tanks were closely examined visually and proved to be 
quite sound. There was no apparent corrosion and the sedi- 
ments trom excavation No, 1 were dry and odourless despite 
the fact that one of the bOO-gallon tanks yet contained 
±46 gallons of gasoline. 

Excavations east of the gasoline dispenser island 
revealed tnat the soil in this area was contaminated with 
gasoline. This area was excavated to remove as much of the 
contaminated sediments as possible. The contaminated sedi- 
ments were disposed at the York Sanitation landfill site in 
the Township of Whitchurch-Stouf fville as authorized by the 
Waste Management Brancn, 

As the excavation east of the dispenser was 
advancea, it was found that gasoline odours were present in 
the sediments below and west of the dispenser. The 
excavation was extended as far westward as possijole without 
disturbing the road bed of Highway 48. The pit was extended 
vertically to the water tafile where the greatest eoncentra- 
tion of gasoline was located . 

A separate gasoline phase ponding on the water 
table surface, 22 feet below the leaking union, was apparent 
by its odour and red colouring on November 2, 1972. Pumping 
was carried out in this area and Mr. Grattan reported that 
approximately 40 gallons of gasoline was reCDVered. 

The excavation could not proceed onto highway 
property, however, it was expected that lost product would 
gradually leach into the ground water from this area, 
Tnerefore, it was recommended that a collector well be 
installed near the gasoline dispenser in order that the 
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gasoline phase could be pumped off the water surface as it 

'"'^ collected there. It was felt that periodic pumping of the 

collector well would affectively control this problem. 
On November 27, 1972, a sampling program was 
undertaken employing the collector well. The well was 
pumped continuously at 5 gallons per minute for 3 hours and 
7 samples were taken from the pumping stream. An analysis 
of the chemical data suggested that the bulk of the gas- 
oline could be removed from this area with only 3 hours of 
pumping. Thus, Shell Canada Ltd. was advised that such 
3-hour pumping programs should be carried out periodically 
to remove the residual product before it could migrate to 
the Radford well, 

^ A water sample taken from the Radford well on 

March 9, 1973, demonstrated no gasoline odour, Mrs. Radford 
indicated that the gasoline odours had not been apparent in 
the water for some time and that the water could now be 
used for drinking. 

On May 8, 1973, the collector well was again 
pumped for the required 3-hour period. Although the first 
sample taken from the pumping stream contained 40 ppm of 
gasoline the last sample contained only 3.5 ppm. A sample 
taken from the Radford well on this occasion demonstrated 
no evidence of gasoline contamination. 
HYDRQGEOLQGY 

^ The surface topography in the Ballantrae area is 

•^ subdued, with only a slight slope toward the south-east 

apparent in the spill area. 
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The surface materials are mapped ae kame moraine^ 
and excavations at the site demonstrated the persistence of 
these coiarse-grained, ice -contact materials to the water 
table approximately 22 feet (6.7ei) below the surface. 

GrO'und-v/ater sopplies iii the area are oibtaieed 
from dog wells which intersect the %rater table at 15 tO' 21 
feet {4,6 to 6.4m) below the surface, 

A levelling survey undertaken oin October 23^ 1973,, 
demoinstrated the local water table to be relatively flat 
with the elevation of water in the Radford well slightly 
lower than surrounding wells. This suggests that the 
Radford domicile f garage and restanirant operation used a 
■grmater volume of water than other wells in the area on 
tie iay of the survey. This probably represents a general 
•eondition since Radford's is the only conmiercial operation 
iB th# area with the e:«ception of Ballantrae Motors which 
is repoirted to use only a small amount of water. Thus^ 
f round water flows radially toward the Radford well when 
the... well is in use. 
CHEMICm QPALITY 

,to examinatioii of the water quality analyses listed 
in Table 1 reveals that the Radford well waiter contained 
chlO'ride, O'Xidized nitrogen compounds, and phenols at 
C'OncentratiDn,© in excess of the Ministry "s permissible 
.etlterla for jublic water sopplies of 2 50 ppim, 10 ppm and 
"iri-rtmally absent, respectively ^ during the time of the 
Initial investigation. In adiltietnf the GancentratiO'ii of 



1 Chapman L,J.^ and Putnan D.F. - The Physiography of Southsm 
OntaiHo^ Second Edition - UniDersity of Toronto Ppess-1966. 
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sodium and hardness in this water supply is excessively 
high, with a hardness of 20i0i ppm greater than other wells 
in the area. 

Of the wells examined , oinly the Radford well has 
produced water containing gasoline residues and odoiurs. fO' 
dernonstrate the presence of gaeo'line in the Radfoird well 
water by conventional gas chromatography analysis, a char- 
coal filtration program was initiated. This was required 
because human sensitivity tO' gasoline in water is approxi- 
Mately lOi times more acute than the cliromatography currently 
available. The prograra involved filtration of the hydro-- 
carboin froim the well water on a charcO'al charge over a 
5=day period of continuous flow at 1 gisllon per miniite. 
The hydrocarbon was leached froin the charcoal with an 
organic solvent and the chromatography revealed 3 O'f the 4 
components associated with gasodine. 

An analysis of a ground-water sample taken from 
the excavatioii below the leaking union on Movemiber 2,, 1972, 
contained 54 ppin of gasoline, and a distinct gasoline 
phase was evident. In additioin, phenols which are co>nimoinly 
associated with petroleimi hydrocarbons were found at a 
concentration of 440i ppb (parts per bdllion) in this sample. 

The chemical analysee O'f samples taken during the 
November 27, 1972 and May 8, 1973 pumping of the collector 
well are presented in Table 2. During the initial pumping 
of this well the concentratiori of gasoline in the effluent 
from the collector well increased with continued pumping at 
5 gpm from an initial value of 7 5 ppm to a maximum O'f 8 54 
ppm, 3 0i minutes after pumping began. The gasoline 
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concentration theii fleer eased contlauO'U^slf to 19 ppii^ at the 
end of 3 hour's of paffiping'.. The aecond piiaipinf o,f this 
well reduced the oonc:enti'atiO'ii iOif gasoline from 40i ppii to 
3 * 5 ppm, , 

Table 3 Is a iWHiittrf o^f the analyse si of •sealfflent 
,s,.aiiple.s taken friom exDavationB on the Madfoird. property „ 
iaiiples taken from, shallow tost holies 1 and 2 respe'Ctively, 
revealed the presence O'f gasoline-like hyflrocarbon nlxture'S 
at bo't.li locations.. Samples.. C, F and G ieiioinstrate the 
presenc;e oi fasoline-like nixtuxies at varloiu:s depths in 
Exc;avatioin 1 ,, 
DISCTSS.IQM 

■I'ha lavidettce sufgeBt.s that froimd water flows froM, 
a slfnlf leant area tO'irard the ladfo'rd well "wtien it is in 
mse* Since the sodl materials iabove the ■^wa/ter table ara 
relativelf coiarfie, any contiaminant intro'duoed 'to the soil 
in the iimiadiate vicinity will inO'Ve toward the .Radford well, 

the chloride eonicont ration in the Eadfora well 
■water is frea:ter than the Ministry " a. pe,rii±ssi.ble criterion 
of 250i ppin, and considerab.ly higher than that of neifhbomr- 
Ing wells tappinif the sam© aquifer.. Siince the ladfoTd 
i.oii,estlc septic taB.fc is onlf about 7 .lieters froii the well 
it .is expected that a aiiall aiioi-unt of the chlorides may 
©■nter the well from. Sieptafe l.eachl,ii.f' throufh the .soili. low- 
ever ,• it is felt that ide- icing -salt frofni Highway 48 Is the.. 
pr,in.oipa.l aoinro-e of chlorideBi in the Badford well,« 
Al.t.hQu.fh t.he road .sn.rface is ab'out 2:2 meteors from. t.he well, 
the a.aphalt pad .adjacent to the gaaoli:n.e vendor' prornotes 
siome dra.ln.age fr'Oni an area ¥B.ry naa..r t.ha gm.ra.ge toward the 
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Wisll. Tlius^ some salt left in the area of ttie ladfori 
^•^ garage by vehicles coming from Highway 48, will gain access 

tm tfee soil only i meters f,rom the. well* %A adiitAopi: 
cQimtiercial vehicles wfi.icli pa,rk in the area between thm 
farage and etore builil,n.f,s a,re coniiioiilf less than 1 meter 
from, the well. 

'The ■chlorida coincentration i.n a sample taken from 
the Hadford well on March 9,,.. 19? 3, was 74i ppi as coMipaxeid 
to concentrationa of apprQxiinate.l.f 3:50^ ppin fomBd in aaiHple.a 
takeft fr.«ii tie well in the fall O'f If? 2, Althoiugh an, 
„iBcrea.se woBld be anticipated due to the winter a,pplication 
of de-icing salt, it is felt that the sitiiati,o,n: may have 
been i»te.iisi,f ied 'by the ,absen,ee of the asphalt pad ifhioti was 
* renQvedi to :p,erii,it the ©xca¥at,io,n, of gasoline ,cO'ntam,iiiated 

ied,inieiitB, Thtts, i,t is expected tha,t replacament of th.e 
asphalt, pad at Radford ts Shell ServiC'e will ameliorate the 
c,li;lpri,de problein tQ soiie deg,ree. 

In addition to elevated chloride concentrations ^ 
the cointamioation of ground waters by de-icing salt^ which 
is essentially soidiiim chloride, also results in increased 
sodium levels. Since sodium ions may exchange with calcium 
and other hardness ions as it moves through the soil 
lattice I an increase in the hardness of the ground water is 
also to be expected. Thus, de-icing salt may be contrib- 
utory to the excesaive hardness as well as the large sodiuii 
'^' and chloride concentrations in the Radford well water » 

,| T'he Radford's have coiibatted the excessive hard- 

n,ea,s of their well water with the „ins.tallat,io:n„ of a water 
Boften„ing unit, lo'wever,.: tli,e sof'teii,ipf proc:e:S:S introdtice'S, 



sotiteB into the treated water aiid since the entire:, ienestlc 
sttpply is treated a:t tlie ■laiford re«lieftcej tfiis hAm 
resulted in a substantial inci"ease in, the sodittm content o£ 
■tlie .driakini Mater, Tbi.B. is ^evitencei by .coin:pa,Emti:ve'' wateir 
s.aitiples taken from, tbe well a:n,d iistribiutiop systeBi ■on 
Oc'tober 2Q., 19'1'2, Qn this ■QocaBloiit the well water coa- 
tained 3 Si ppa ot sodium, w'hereas tbe. treated, ■wa,t,©r as taken 
fr-oiii the kitchen cold wa,t,e,r tap contained 700 ppi o,f soci,i,iim,« 
Iteco^rdinf to .Melee 2'^ "Soidi'un, ,in drinking water may be ha:.rni.^' 
ful -fco peE'sotts suffering .ca,riai.ac"i re.B.al# and c...ircula,t:ory 
dis-eases , a,ni ,as ntnch, as WU mg O'f soii,itiin, ,f 'roni drinldng 
water' paf be injuroas*'"' Furtherii.oi'e, Q;bject,iona,bie, mineral 
tas.tes i,n the ■Rad.foird well water fwhic-h is used in co'ffeei 
for^ ■the. Eadfaria SRaek Ba,r), hswm been, rcpottei, Lookhart. et 
al^' .has ■det,era.in,ei that the ta,.ste. threshold O'f .sodiuni:, a..s. 
sod,iiiii chloriie^ la distilled water is 135 ppn* 

•'Ihe total o.3cidized ■nitragen, fnitrite and nitrate) 
in the Radford well wate,! ex;,c..eedea, the periii,ssib.le:. criteria 
of IQi ppm in saiiples. tafceii on October 20,. 1912, anfl on 
March 9, 1173. High nitrate ¥m.luea' are an, indication that 
septic tank leachate is reachin,g the well. This is 
eo.rrQ'bO'.ra.t.:ei, by the presence Q-f otfanle nltro,geh| and 
soluhle ph,o>;sphQr'Q'TflS which als© derive from s.ept.l:C systeii.B 
as well. a.s the oiccasioinal baict.er.ial iiifestatiQn,.s which have 
bmmtk deteCBilned by the Refional Municipality of 'loth Health 



2 MsKm^ J.ff. and Wolf^ H.¥. - Water Quality Critevia 2nd Edition^ 
The Eesoio'ces Agency of Calif omiia^ State Water Quality Board, 
SaavmientOj Califoimias Publication No, 3-1 (1963) 

3 LoGkhartg ff.f.j Tuakep^ CL,, and Merritt^ MX.^ "Tim Effect of 
Water ImpuritieB on the flauoitr of Bpewed Ccffme^' Food EeBsaTeh 20 j 
598 (tdS'S) 
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Unit. The presence of nitrogen and phosphorous nutrients has 
resulted in a biochemical OMygen demand which is significantly 
higher than that of other wells in the area» 

Phenols, or the hydroxy derivativee of benzene and 
its condensed nuclei, are associated with and commonly found 
in petroleum hydrocarbons. In this case, a sample taken from 
the water table surface in the excavation at the leaking 
union contained a layer of pure gasoline and 440 ppb of phenols 
Only the more soluble coraponents of gasoline were found in the 
test hole sediments and the Radford well water, whereas the 
more soluble phenols were found in concentrations as high as 
200 ppb in the Radford well. Subsequent to the excavation of 
contaminated sediments and pumping of the excavation and 
collector well, there is no evidence of gasoline in the Radford 
well and the phenols have been reduced to background levels of 
less than 10 ppb. 
CONCLUSIONS 

A faulty union in the plumbing connecting the gas- 
oline dispenser and storage facility at Radford's Shell 
Service, resulted in the contamination of sediments and ground 
water with gasoline and phenols. Some of the contaminant 
reached the Radford well and rendered the water unfit for 
human consumption for some time. 

Excavation and removal of contaminated sediments 
and ground water plus a program of periodic pumping of a 
collector well established in the affected area has thus far 
been effective in eliminating the hydrocarbon contaminant 
from the Radford well water. Continuation of this periodic 
pumping program may prevent the spread of hydrocarbon 
contaminants to other wells in the community, as well as the 
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' recurrence of hydrocarbon contaminants in the Radford well. 

.^1 The abandoned underground storage facilities are not respon- 
sible for the ground-water contamination affecting the 
Radford well* 

In addition to the gasoline contaminant, the 
Radford well displays contamination by road salt and septic 
wastes. 
ALTERNATE SUPPLIES 

It is felt that replacement of the asphalt pad with 
appropriate levees preventing surface drainage toward the 
well may reduce the concent rat ion of chlorides and sodium in 

the ground water supplying the well. The chloride and sodium 

It- 
concentrations may be further reduced by paving and 

«| appropriately draining the area between the garage and the 

etore which is used by supply vehicles, A significant reduc- 
tion of the sodium iraput to the local ground water will be 
accompanied by a similar reduction in the hardness of the 
well water. The sodium concentration in the Radford drinking 
water can be significantly reduced immediately by connecting 
the water softener to only the hot water system. 

Reduction of the nitrate concentrations and elimina^ 
tion of the occasional bacterial infestations in the water 
supply may be obtained by increasing the separation between 
the well and the septic system. This separation may be 
achieved through one of the following alternatives i 
i 1) A new well may be constructed beyond the contaminated 

zone at least 100 feet in an easterly direction 
from the septic tile beds. If this alternative is 
selected, any connecting lines should be of metal 
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"^ construction as plastics are permeable to petroleum 

hydrocarbons , 

'4 

2) The domestic septic field is reported to be a consid- 
erable distance from the septic tank. Thus, the 
elimination of any leakage between the tank and field 
may significantly improve the quality of water 
obtained from the existing domestic supply well, 

ij The septic system which services the Radford garage 

:ll 

is appropriately remote from the well, and may be 
capable of handling the added load of the domestic 
wastes. It may be possible to conduct the domestic 
septage directly to the septic system at the garage 
f to facilitate the requisite improvement in water 

quality at the domestic well. The York Regional 
Health Unit should be Gonsulted to determine if the 
garage ' s septic system design is adequate for the 
• additional load. 
RECOMMEHDATIOM 

i* Shell Canada Limited should periodically pump the 
collector well near the pump island, as outlined in this report, 
to prevent the spread of hydrocarbon contaminants in the aquifer 

2. Since the aquifer in the vicinity is particularly 
vulnerable to contamination, de-icing salt should be applied 
prudently to the road surfaces in the area. 
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MINISTRY OF THE ENVmONMlNT 



Table ^ Summary of Water Analyses 
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Source 

and 
Number 


locarion 


Date 
Sampled 


Hydr«CorkWI* 


BPb 


\ 


r 

Source 

and 
Number 


Location 


Dote 
Sompted 


Hy«rec«rboM 


Phe>»U 


Otfeur / Tail* 


:s-gmi^O(iD 


Sump 


my. 


zr 






ti/*y 

/COO 


HO 






Pi4H^ T£.$T 


^r 


iDl 7 H< 


9S 










/CO-^ 


B^S 








i 


lOZKHf. 










pUMP 


F/^fi. 


w^e. 


; 








(010 Iff, 


8S'*f 




\ 




STf^f^T 


MiC*< 


is 


f 








iitc ^ 












I'f/s'He. 


i-i 








1 


tCid He 


57 






' 


' 












' 


f3iG hiC 


/f 










i 


•ye 




















; 


/S/Grt£ 


Hz 




i 




■* 6 /"/HP 


LiB h/^ 


&/^SD^IAJ^ 


P-LC^T ff^6^ 


afu' .^Ut^fiMk 






/(e/C^ 


3S 










crEC 












IJ^^-W. 


— 


^ 










MOUAJ'J ff i 




























' 






!: 


! 






i7-t\A^ 
















j 


1 




s 



MINISTRY OF THE ENVIRONMENT 



Table 3 Summary of Water Analyses 



Source 

a. id 

Nurtib«r 



Tc^T *^OL.e± 



Oa^e 
Sampled 



oc 



Prepamd by D-SMi TH 



Loco»ion 



Mr4r*c«rk«M 



CLeCT,f,C $£i?i,-,C^ Lt^B FROM H0U6B TO C^^,^4e 



•^V'^leaiuDf^'i, ^CfT Ff^oM H^»ae 



TEST HOLE 2 OCT \f/A^^ 6^AJi? fC'T ^OuThe^sr <»^ J^^PFCi^O W«ij. 
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A/- p. 
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F(^i£ S^f^£> ^SCi4 TH u/MLi, J?/SPiSrK/Sf~fQ, F>T ^ i> -3t^ 






i?C I McOI*^M~C0f*^i.F Struct ^ SOUTH iAd -i^Li. PiSP J=/i/s^/! FjT 
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A/./?. 



/J iPr 






r^/jf Tu/°iE. 






NO' -^ NCrJ DaJFCTEiP 
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TREATMfMT. EACH SEDIMENT WAS TREATED AS FOLLOWS: lOt*. Qf 
SAMPLE WERE MIXED WITH MAGNESIUM SULPHATE AMO 
ELUTED IM A CHROMATOGRAPHIC COLUMN WITH 20 »U 
OP CARBON TETRACHLORIDE. THE ElUaTE WAS 
EXAMINED 8¥ GAS CHROMATOSRAPH. THIS STANDAftO 
TREATMENT FOR EACH SEDIMENT MADE IT POSSIBLE 
TO DETERMlNg THE RELATIVE AMOUNTS OP 
GASOLINE IN THE SAMPLES. 



